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UNIT STRESSES — LOADS — DISTRIBUTION

Design

DESIGN UNIT STRESSES (also see Section 4 - Note A1.1)
(1) Reinforced Concrete
Class B Concrete (Substructure) fo = 1,200 psi f'c = 3,000 psi
Reinforcing Steel (Grade 60) fs = 24,000 psi fy = 60,000 psi
n =10
Fc = 3,122 ksi  (Ec = W"¥x 33 Vf'c, Ec = 57,000 Vf'c)
(2) Structural Steel
Structural Carbon Steel (ASTM AT09 Grade 36)
fs = 20,000 psi fy = 36,000 psi
(3) Piling
For pile capacity, see Bridge Manual Sec. 1.4 and 3.74.
(4) Overstfress
The allowable overstresses as specified in AASHTO Article 3.22
shall be used where applicable for service |oads.
LOADS
(1) Dead Loads
As specified in Bridge Manual Section 1.2.
(2) Live Load
As specified on the Design Layouf.
[Impact of 30% is to be used for design of the beam. No impact
is to be used for design of any ofther portion of bent including
the piles.
(3) Temperature, Wind and Frictional Loads
See Bridge Manual Section 1.2.4.
DISTRIBUTION OF LOADS
(1) Dead Loads
Loads from stringers, girders, sefc. shall be concentrated

loads applied at the
and centerline of bearing.
be applied as uniformly, distributed
of bearing.

intersection of centerline of stringer
Lcads from concrete slab spans shall
loads along the centerline

of

(2) Live Load
Loads from stringers, girders, etc. shall be applied as
concentrated loads at fthe intersection of centerline of stringer
and centerline of bearing. For concrefte slab spans distribute
two wheel |ines over 100" (normal to centerline of roadway)
substructure beam. This distribution shall be positioned on the
beam on the same basis ds used for wheel |ines in Traffic Lanes
for Substructure Design (See Section 1.2).

(3) Temperature, Wind and Frictional Loads

See Bridge Manual Section 1.2.4.

Revised: June 2000
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DESIGN ASSUPTIONS Design
LOADINGS
(1) Beam

The beam shall be assumed continuous over supports at centerline of piles.

IntTermediate bent beam caps shall be designed so tThat service dead |oad

moments do not exceed the cracking moment of the beam cap (AASHTOD Article
§.13.3, Eqg. 8-2)

(2) Piles

(a) Bending

Stresses In fthe piles due to bending need not be considered in design
calculations for Seismic Performance Categoery A.

(b) Dead Loads, etc.
Dead load of superstructure and substructure will be distributed
equal ly fo all piles which are under the main porfion of the bent.

Revised: June 2000 D9835
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GENERAL (CONT.) Dimensions
SEISMIC PERFORMANCE CATEGORY B, C & D

As determined by The superstructure

requirements or fthe minimum suppor T 26"
length required for earthquake criteria

(expansion joint bents only) (Min.)

(to the nearest 1)

Horizontal @

| | Al
18" Minimum of 3 piles ot 10-0" ots. 118" 187 (Min. )
(Min.) maximum spacing (1”7 increments) (Min.) fTyp.-)
PART ELEVATION PART SECTION

@D Use 26" minimum or ds determined by fhe superstructure reguirements or the
minimum support length required for earthaudke criferia (expansion joint
bents only) (3”7 increments).

= 2~-9"” (Min.) for Wide Flange and Double-Tee Girders (k) or,
3-3" (Min.) for Prestfressed Girders and Plate Girders.

Check the clearance of the anchor bolt well to fthe top of pile. Increase
+the beam depth i+ needed.

@ 1f the depth at the end of fthe beam, due to fthe steps, exceeds 4-6", the
beam bottom should be stepped or sloped.

Notes:

Minimum edge disftance for piles in beam is 6 inches (AASHTO Article 4.5.15.2).

For Seismic Category B, C & D, trestle piles are not to be battered at
intermediate bents.

* Min. dimension for Double-Tee girders is taken at € Bent or & Structure
Min. edge dimensions are shown in fthis Manual section pages 3.1-3 and 3.1-4.

Revised: March 2000 ET200
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Reinforcement
GENERAL (CONT.)
PRESTRESS DOUBLE-TEE STRUCTURES
|->-A

# Bars @ 12" cts. (1)

©

4-#6 bars Tonly when addifional i}

(additional) 4—#6 pbars are used B =

b

¢ Structure | 2-#p Bars A

4-7#5 Bars "
(Min.) ‘

/ (Straight)

|
I
T |
| -
A . i g
|/ 5=
I L %‘ 1
//// C4 X 5.4 “ !
(Typ. ) () |
I_._ 180°
A 4—#6 Bars Hook
[ Stirrup bar to be B (Min.) ends
centered over pile (Typ.)
CTyp-) €D 37 (Min.)
6" (Max. ) (Typ.?
STirrups (O) between piles
BENTS WITH 3” THRU 6” CRDWN
4-#6 Bar 4-—#5 Bar
(addi+ional) (additional)
4-#6 Bars (Min.) 4-#6 Bars (Min.)
by design 127 (Max. ) by design
= [
) L] L] L ) L] L] L
#5 Bars [ — [ — —
(straight) #5 Bars
73 Stirrup 7 (Straight)
Sti r'ﬁbfu bars r -,
Irrup B = over
bars N piles e c4 X 5.4
. Py oo Lo (Typ. ) (k)
\ X 5.4
(Typ. ()
4-# Bars (Min.) = P 4-#6 Bars (Min.)
by design \ by design
2-6"(Min.) 2-6"(Min.)
SECTION A-A SECTION B-B

(%) Channel shear connectors are to be used in Seismic Performance Categories B, C & D.
For details not shown, see this Manual Section. page 3.5-1.

(%) 2~6" Min. for Seismic Performance Category A.
2~-9" Min. for Seismic Performance Categories B, C & D.

Note: use square ends on Prestress Double-Tee Sfructures.

Revised: March 2000 ET200
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1-4

GENERAL (CONT. )

PRESTRESS DOUBLE-TEE STRUCTURES (CONT.)

¢ S+ruo+ur64444454

4—-#6 Bars
(Typ.)

(Min.)

rD—A

Reinforcement

Class “C” splice

(tension lap — top bars)
(see Bridge Manual
Section 2.4)

2-#5 Bars
/? (straight)

Over 6"

C & D.

N i
c
5P =
Il A 1 AN
\‘ )
I )
) 180°
4-#6 Bars Hock
B (Min.) ?QUS :
F4—STirrup bar to yp-
be centered
over pile " .
(Typ.) (I M-
(Typ
Stirrups () Stirrups () Stirrups ()
between piles between piles between piles
BENTS WITH CROWN OVER 6”
4-#6 Bars (Min.) 4—#6 Bars (Min.)
/ by design by design
— KZHKMGX.) -
#5 Bars Foee #6 Bars Foe e
(Straight) (Straight)
7 9 Stirrup 77?\
Sti TFAW bars r?;ﬂ
Trrup _ over —
— v [l il ¥: C4 X 5.4
bars Ty plles ho | e (Typ. ) (%)
4 X 5.4
(Typ. ) (%)
4-# Bars (Min.)|| ] Ve 4-#5 Bars (Min.)
by design \\ by design \\
2~6"(Min.) 2-6"(Min
SECTION A-A SECTION B-B
(¥) Channe!l shear connectors are to be used in Seismic Performance Categories B,
For details not shown, see this Manual Section, page 3.5-1.
(%%) 2~6" Min. for Seismic Performance Category A.
29" Min. for Seismic Performance Categories B, C & D.
Note: use square ends on Prestfress Double-Tee Structures.

Revised: March 2000
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Reinforcement
BEAM REINFORCEMENT CHARTS FOR WIDE FLANGE & DOUBLE-TEE SPANS

: o
I S S
| | | |
N ~ < ~ <
(Top & Bottom) (%)
10-0"
\l
90"
= Bl_oll
w
w
w
' 70
o
=z
8]
< 1 "
el 60
" 5
=
o g H
4-0" o
3-0" i
60 100 140 180 220 260 300 340 380 420 460
INTERIOR STRINGER REACTION — KIPS
Note:
All reinforcement meets minimum requirements.
% f'c=3,000 psi», fy=60,000 psi, infarmation for beam reinforcement is continued on

the next page.

Inferior Stringer Reaction, Ru=1.3[DL(superstr.)]+2.17[(max.LL+])(shear dist.)]

Ru Ru Ru

W kips/Tt.
Aﬁ\\\ i t%447@,8+rTnger (Typ-)

IR RN/

=—¢ Pile (Typ.)

L L/2|L/2 L

Ultimate Moment = 0.2RuL + 0.13WL?

Where: Ru = Ultimate Interior Stringer Reacticns, in kips
L = Pile Spacing, in feet
W = Uniform DL(substr.)s in kips/ft.

Revised: March 2000 ET200
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Reinforcement
BEAM REINFORCEMENT CHARTS FOR WIDE FLANGE & DOUBLE-TEE SPANS (CONT.)

26"
(Min.)

@ 4%
(Min.)
(see chart))

T

®

12" (Max. )\

)

2-6"(Min.

.
-N

-
Ay

@) 4-#6 (Min.)
(see chart)

MAX. PILE| MAX. Ru

STIRRUPS LOAD (k)

#4 @ 127 32 Tons| 180 Kips
@ 12" 38 Jons| 205 Kips
# @ 12" 46 Tons| 235 kips

# Dbl. @ 12" 55 Tons| 275 kips
#6 Dbl. @127 70 Tons| 340 kips

X Ru = Ultimate interior stringer reaction.

@ f’c = 3,000 psi, fy = 60,000 psi, h = 30", = .5 b = !
Min. Reinf., p(Min.) = 1.7(h/d)* (/" f'c/fy) = 1.7 (30"/27.5")* (/3,000/60,000) = 0.001847
Min. As = p (Min.) (bd) = 0.001847(30)(27.5) = 1.524 Sqg. In. (4-#6), but need not exceed
1.3333 fimes area required by analysis (charT). (use 4-# when ¢ bearings are 12" ar less
on either side of ¢ piles).

Note:
Beam reinforcement was defermined by load factor design procedures.
For special cases 1 or 2 see this section page 3.6-1.

All stirrups in beam are to be the same size, except use #4 (1 6") stirrups under
the bearings, however do not use #4 stirrups under the bearings of'Prestressed
Double-Tee structures.

Revised: March 2000 ET200
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Reinforcement

BEAM REINFORCEMENT CHARTS FOR PLATE GIRDER SPANS

¥~
- o
C —
1s § i i i
N = <‘r < ~ <
// /J (Top & Bottom) (kk)
10-0"
\l
9-~0"
'_ Bl_o"
w
]
w
' 7207
4]
=z
8]
E —n"
= 6-0
]
= =
o 507
4-0" S
3-0” H
60 100 140 180 220 260 300 340 380 420 460 500
INTERIOR GIRDER REACTION — KIPS
Note:
* Includes the minimum reinforcement criferia of providing reinforcement at
least 1/3 greater than that required by analysis. (4-#7's and above meet min. reinf.)
¥% f'c=3,000, fy=60.000 psi, information for beam reinforcement is continued on

the next page.

Interior Girder Reaction. RU = 1.3[DL(superstr.)]+2.17[(max. LL+1)(shear dist.)]

Ru Ru Ru

W Kips/ft.
\ J/ ﬁ@ Girder (Typ.?

IR RN/

=——=€ Pile (Typ.)

‘
L L/2 | L/2 L

Ultimate Moment = 0.2RuL + O.13WL?
Where: Ru = Ultimate Interior Girder Reaction, in Kips

L

Pile Spacing, in feet

W = Uniform DL(substr.), in Kips/ft.

Revised: March 2000 ET200
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Reinforcement
BEAM REINFORCEMENT CHARTS FOR PLATE GIRDER SPANS (CONT.)

srgn
(Min.)
@ 4%
(Min.)
(see chart)
12" (Max. )\
= . . LJ %
= of i
= .
= 7'
}‘3 P
" 7,9 ®
L] e

@) 4-#6 (Min.)
(see chart)

MAX. PILE| MAX. Ru

STIRRUPS LOAD (k)

#4 @ 127 39 Tons| 215 Kips
@ 12" 47 Jons| 250 Kips
# @ 12" 56 Tons| 285 kips

# Dbl. @ 12" 67 Tons| 335 kips
#6 Dbl. @127 70 Tons| 415 kips

X Ru = Ultimate interior girder redction.

C) f'c =3.000 psi. fy = 60,000 psi. h = 36 d =33.5" &b = 30"
Min. Reinf., p(Min.) = 1.7(h/d)* (V f'c/ J = 1.7 (367/33.5")* v3 000/60,000) = D.001792

Ty
Min. As = p(Min.) (bd) = 0.001792(30)(33. 5] = 1.801 Sg. In. (4-#7), but need mo+ exceed
1.333 times area required by analys'is (chart). (use 4-#6 bars when € bearings are 12" or

less on either side of ¢ piles).

Note:
Beam reinforcement was determined by load factor design procedures.

For special cases 1 OR 2 see this section page 3.6-1

All stirrups in the beam are to be the same size, except use #4 ([ 6”) stirrups
under the bearings.

Revised: March 2000 ET200
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Reinforcement

BEAM REINFORCEMENT CHARTS FOR PRESTRESSED GIRDER SPANS

*/—\
©c . o o =
= ‘ i i i
N — <~ <~ <~
/) /) / (Top & Bottom) (kk)
10-0" Y
90"
I\
'_ Bl_o"
w
]
w
' 7207
4]
=z
&)
E —n"
= 6-0
wl
=
o 507
4-0"
3-0” H
60 100 140 180 220 260 300 340 380 420 460 500
INTERIOR GIRDER REACTION — KIPS
Note:
* Includes the minimum reinforcement criferia of providing reinforcement at
least 1/3 greater than that required by analysis. (4-#7's and above meet min. reinf.)
¥% f'¢c=3,000 psi. fy=60,000 psi, information for beam reinforcement is continued on

the next page.
Interior Girder Reaction. RuU=1.3[DL(superstr.)|+2.1T7[(max.LL+1) (shear dist.>kk) ]

Ru Ru Ru

W Kips/ft.
44\\\\ i k“‘*@ Girder (Typ.)

IR ERREERRENR RN/

! <——©€ Pile (Typ.)
L L/2 | L/2 L

Ultimate Moment = 0.2RuL + O.13WL?
Where: Ru = Ultimate Interior Girder Reaction, in Kips
L =Pile Spacing, in feet

W = Uniform DL(substr.)s in Kips/ft.

kK If the computer output for max.(LL + 1) is based on the moment distribution
factor, do not revise the loads for shear distribution factor.

Revised: March 2000 ET200
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Reinforcement
BEAM REINFORCEMENT CHARTS FOR PRESTRESSED GIRDER SPANS (CONT.)

26"
(Min.)
@ a-#

(Min.)
(see chart]

12”(Mo><.>\ I—\/I

T

£ ®

)

0" (Min.

.
N
4

(@ 4-%6 (Min.)

(see chart)

MAX. PILE| MAX. Ru

STIRRUPS LOAD (k)

#4 @ 127 39 Tons| 215 Kips
@ 12" 47 Jons| 250 Kips
# @ 12" 56 Tons| 285 kips

# Dbl. @ 12" 67 Tons| 335 kips
#6 Dbl. @127 70 Tons| 415 kips

X Ru = Ultimate interior girder redction.

= 33.5" & b = 30"
.7

(2) f'c =3.000 psi. fy = 60,000 psi. h = 36", d
1. = (367/33.5”)* (/3,000/60,000) = 0.001792

Min. Reinf., p(Min.) = T(h/d)? VFf o/fy)
Min. As = p(Min.) (bd) 0.001792(30)(33.5) 1.801 Sg. in. (4-#7), but need not exceed
1.333 times area required by analysis (chart). (use 4-#8 bars when € bearings are 12" or
less on either side of € piles).

1
)

Note:
Beam reinforcement was determined by |oad factor design procedures.
For special cases 1 or 2 see this section page 3.6-1.

All stTirrups in the beam adre to be the same size, except use #4 ([ 6")
stirrups under the bearings.

Revised: March 2000 ET200
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Reinforcement

ANCHORAGE OF PILES FOR SEISMIC
CATEGORIES B, C & D

STEEL PILE

PART ELEVATION SECTION THRU BEAM

ol ol
I I
-y T T
C4 X 5.4
(Typ. )

PART PLAN

Revised: May 2002 E5506
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ANCHORAGE OF PILES FOR SEISMIC
CATEGORIES B, C & D (CONT.)

CAST-IN-PLACE PILE

()
| (Typ.)
I I
| |

I

El
‘ 225 147 c)
0| O+
S50~
o|C .
e VIS e
¥loot
PART ELEVATION
VAGLY 7T
)
(\ 7 #4 Seismic stirrup (\ Y
= bars @ 3” cts. (Typ.)

PART PLAN

Reinforcement
7Y
e _
?b'.ﬂ
-n
all

SECTION THRU BEAM

(¥) See Bridge Manual Section 3.74 (Piling) for anchorage reinforcement requiresd.

Revised: March 2000

ET200
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Reinforcement

BEAM REINFORCEMENT SPECIAL CASES

SPECIAL CASE 1

If ¢ bearing is 12" or less on either side of ¢ piles, for all piles las
shown above)s use 4-# top and bottom and #4 at 12" cts. (stirrups)s

regardless of pile size.

€ Plle (Typ.)

SPECIAL CASE II

When beam reinforcement is to be designed assuming piles to take equal
force, design for negative moment In the beam over the Inferior piles.

9-0" %)

k—¢ Gar. (Typ.) \

1

L

350" (Typ.) (%) = ©Pile (Typ0 | j

() Dimensions shown are for illustration purposes only.

Revised: March 2000 ET200
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SWAY BRACING Details
(Use when specified on Design Layout)

f%——fSymm. abt. & Bent

I | " 1 /<3> ~

' Typ -
Il ‘
I | e
Il
I 1
I ‘
H Elev—7
4\/,7 N
Typ. 2-/5 x 3-1/2 x 3/8 o
16 STEEL BEARING PILE CAST-IN-PLACE PILE

Ground Line

N\ t A \4—E\ev. L \\\_4
TVD. W8 x 18 or
+ P as specified

ALTERNATE STEEL BEARING PILE

(3)(Typ.)

Attention Designers and Detailers:

(1) Omit sway bracing if less than 10-0" (Cast-In-Place piles only).

(2) When angle slope of bracing becomes less than 15° to the horizontal,
omit the diagonal angles and use fthe horizontal angles only (Except on
four pile bents, then use alfternate shown above).

(3) See Table for Batter Piles in Sec. 3.72, page 2.2-1.

Note: In case of a large number of piles, see the Structural Project Manager.

Revised: March 2000 ET200
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CONCRETE PILES Details
(CAST-IN-PLACES)
The details of cast—in—place piles will be as indicated on
Missouri STandard Plans (English Version) Std. Drawing 702.02..
except that +the shell and location type must be indicated
on the Plans as specified on the Design Layout.
The KIND and TYPE of CIP pile shall be indicated in the
"PILE DATA” table on Design Plans.
The TYPE of pile. frestle or foundation. may be selected
from The illusftrations shown below. When the illustrations
indicate that there would be both trestle and foundation piles
on the same structure. use all piles as trestle piles through-
out the structure. regardless of the type of bent.
The shell, thick or thin, will not be indicated in fhe
"PILE DATA” table. unless specified on the Design Layout.
Foundation Trestle
STREAM CROSSING
Foundation
zyr_jggiFoumdc+'om
STREAM CROSSING
Foundation
Foundation
GRADE SEPARATION
Revised: March 2000 ET200
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GIRDER CHAIRS FOR PRESTRESSED GIRDER Details

At intermediate bents where prestressed gfirder sizes change. use girder chairs.

MmO (M) | [—DETAIL “A”

| —Plate 77 x 7/8"

Key

Z 8 x b6 x 1/2 .
(Typ:? .5.
—8"” Leg for reactions
Varies up to 90 Kips
(1" increments)
Three 1-1/16" holes in angle (Field drilled) SIDE ELEVATION

and bar for 1”7 @ H.S. bolts (Hex head & nut)
with a washer under the nut fthread included.
(Typ.

(%) 3" Minimum when using beam step.

FRONT ELEVATION

;] O‘T \ -
A ° /@Coms‘r. Jofint

(Min.

SERVICE LOAD REACTIONS | VERTICAL ANGLE | HORIZONTAL BAR
90 kips 8 X 6 X 1/2 70X 7/8"

Use DL1 and 50 #/Sq. Ft+ construction load for reactions.

Z 8 x 6 x 1/2

)

(Min.

(Max.

107

Plate 7" x 7/8"

DETAIL A

Revised: March 2000 ET200
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MISCELLANEOUS DETAILS FOR PRESTRESSED GIRDER Detalls

PRESTRESSED GIRDERS(INTEGRAL INT. BENT)

(k) Joint Filler Dne layer of 50# Stop key at edge of step or o
roofing felt or pad (end and int. bents) co—~
bituminous pile paint -0
58
N 330
% g,
/ \ ol
[
| ogs
R
= o8
'/
< S R - N
- Edge of diaph. She
. — Joint filler (Same fthickness
2% Key (See details below) as neoprene bearing pad. )
(Min. ) DETAIL DF JOINT FILLER AT INT. BENTS

(Continuous Spans — No Longftudinal Beam Steps)

Note: See Bridge Manual Section 3.55 for the use of dowel bars at fixed bents of prestressed
I-girders and the use of shear blocks.

() % Joint Filler for a P/S Double Tee Structure
Z

;" Joint Filler for a P/S 1-Girder Structure

PRESTRESSED GIRDERS(NON-INTEGRAL INT. BENT)

12" Shear Block (Typ.)

. Joint filler (Same
Edge of Diaphragm thickness ds neoprene
Lengitudinal beam sfep—A\ bearing pad.) (Typ.)

D\
Neoprene bearin ad as 30 . N
reqﬁwred (See bggD sec. ) 37 Joint Filler (Typ.)

DETAIL OF JOINT FILLER AT INT. BENTS
(Longitudinal Beam Step and Shear Blocks shown)

DETAILS OF CONST. JDINT KEY

37 (Min.) (Typ.)

iR A Rers)  cevs SOECHE o

Effective: Feb. 2004 Supercedes: March 2000 E7200
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